The authors examined the effect of 24-hour nicotine patches in smoking cessation among over-the-counter customers in Denmark, based on a randomized double-blind placebo-controlled trial. Participants were consecutive customers to whom nicotine patches were offered as the only treatment. Forty-two pharmacies in the areas of Aarhus and Copenhagen in Denmark participated in the trial, and 522 customers who smoked 10 or more cigarettes per day were randomized to either nicotine patches or placebo from January to March 1994. Customers with chronic diseases and pregnant or breastfeeding women were excluded from the trial. Twenty-four-hour patches were offered free of charge during a 3-month period. Those smoking 20 or more cigarettes per day started on a dose of 21-mg/day patches. Customers who smoked less started on patches of 14 mg/day; and for all of the participants, the dose was gradually reduced to 7-mg/day patches during the study period. Smoking behavior and compliance were recorded by means of self-administered questionnaires and telephone interviews. Smoking status was recorded in intervals of 4 weeks, which was fixed to be a treatment period, and 26 weeks after inclusion. There was a significant increase in smoking cessation rates after 8 weeks of follow-up but only among smokers who started on 21-mg/day patches. There was a marked placebo effect at each time of contact during the trial, especially in those smoking fewer than 20 cigarettes per day. Although the noncompliance rate was high overall due to discontinuation in the use of patches by relapsed smokers, noncompliance among successful quitters was low. More side effects were seen in the nicotine group than in the placebo group, but none of the reported side effects were serious. It appears that regular healthy smokers who were customers of nonprescribed nicotine patches and who received 21-mg/day nicotine patches benefited from the active treatment (44.1% stopped smoking after 4 weeks), but almost as many stopped smoking in the placebo group (37.3% after 4 weeks). No significant differences in smoking cessation rates were seen among smokers who started with the low-dose nicotine or placebo patches. Am J Epidemiol 1997;145:309-18. drug administration routes; drugs, non-prescription; nicotine; placebo effect; randomized controlled trials; smoking cessation Cigarette smoking is the single most important preventable cause of cancer and premature death (1), and 20 percent of all deaths in developed countries are presently attributed to tobacco smoking (2). Consequently, smoking cessation has a high priority in preventive health; and several strategies have been applied, such as public information campaigns on health consequences of smoking and suggestions concerning change in smoking behavior, high taxation on cigarettes, restriction on tobacco advertising and promotional activities, enforced prohibition on sale of tobacco products to underaged youth, tobacco-free
Cigarette smoking is the single most important preventable cause of cancer and premature death (1) , and 20 percent of all deaths in developed countries are presently attributed to tobacco smoking (2) . Consequently, smoking cessation has a high priority in preventive health; and several strategies have been applied, such as public information campaigns on health consequences of smoking and suggestions concerning change in smoking behavior, high taxation on cigarettes, restriction on tobacco advertising and promotional activities, enforced prohibition on sale of tobacco products to underaged youth, tobacco-free schools and workplaces, and tobacco education programs in schools. Several types of individual interventions have been implemented, e.g., self-help manuals and advice/therapy or group programs in smoking cessation clinics or at workplaces headed by physicians or psychologists; and these interventions have had varying success (3) (4) (5) (6) (7) (8) (9) . From the 1920s to the 1940s, several investigators assumed that nicotine was responsible for the compulsive use of tobacco among smokers (10) , and additional data supported this theory (10) . From the 1950s, the health consequences of smoking were documented (11) (12) (13) (14) (15) (16) ; however, a pharmacologic aid in smoking cessation, nicotine gum, was not launched until 1973 (17) . Since then, other nicotine replacement methods (10, (18) (19) (20) (21) (22) have been developed to relieve nicotine withdrawal symptoms, such as nicotine gum, patches, and nasal sprays.
During the late 1980s and the early 1990s, the efficacy of nicotine replacement therapy compared with placebo treatment has been examined in a number of trials. Meta-analyses evaluating the potency of nicotine gum showed a decrease in efficacy over time when used in low-intervention smoking cessation programs, such as programs implemented in a general practice setting (23, 24) . Efficacy was greater when combined with intensive programs in specialized smoking cessation clinics (24, 25) .
Nicotine gum does have unpleasant side effects (20) , and so as an alternative delivery system, the nicotine patch was developed in 1984. Absorption of nicotine from the patches is transdermal, and contrary to the nicotine gum, the plasma level of nicotine is constant during the period of use. Better compliance is expected because it is easier to use (18) (19) (20) .
The effect of nicotine patches has been evaluated in randomized placebo-controlled trials in volunteers recruited by public advertisements or by invitation. In general, the method appears to work independently of the trial settings (26) (27) (28) , even with little counseling (28, 29) .
Until recently, nicotine patches were sold only by prescription in most countries. However, over-thecounter sale has been permitted in Denmark since December 1991. Studies estimating the value of nicotine patches in an over-the-counter situation are needed, especially since use without counseling or support could be applied on a large scale.
The first objective of the present study was to estimate short-term smoking cessation rates among consecutively selected customers of nicotine patches at a number of pharmacies in Denmark. The intention was to evaluate smoking cessation by means of nicotine patches as close to a real-life situation of over-thecounter use as possible. No additional smoking cessation methods or use of biomarkers to determine smoking status were applied.
The second objective of the study was to evaluate smoking cessation on a long-term basis.
MATERIALS AND METHODS
The study was a randomized double-blind placebocontrolled trial aimed at obtaining two groups, each with approximately 250 customers. The trial was carried out in collaboration with the Department of Epidemiology and Social Medicine, University of Aarhus, Denmark, and Ciba-Geigy, Inc., Denmark. The Department of Epidemiology and Social Medicine was responsible for collecting, analyzing, and reporting the data; and Ciba-Geigy monitored the study at the pharmacies.
Setting and study participants
Recruitment of customers took place at 42 pharmacies in the areas of Aarhus and Copenhagen (equivalent to about 20 percent of all pharmacies in Denmark) from January to March 1994. No public announcement of the trial was made; and to minimize talk about the study among people, it was decided to spread the first day of inclusion for the participating pharmacies over a 3-week period. Furthermore, only a few participants were included from sparsely populated areas. All 18-year-old or older customers at the pharmacy who had decided to buy 24-hour nicotine patches and who smoked at least 10 cigarettes per day (inclusion criteria) were asked to join the study, and they were offered the patches free of charge. Information about potential participants was obtained by self-reported medical history. Pregnant or breastfeeding women and customers with cardiovascular disease, endocrine disease, diabetes, peptic ulcer, or reduced kidney or liver function were excluded from the trial (exclusion criteria).
Potential candidates were asked to give oral and written consent and to refrain from using any other nicotine products during the trial, in accordance with trial conditions set forth by the Danish National Board of Health. Among the 573 registered customers who fulfilled the inclusion criteria, 522 gave informed consent and were randomized by means of randomized sequential treatment packages. Details of the study population and the outcome of randomization are described in table 1.
For practical reasons, four employees from CibaGeigy, Inc., provided instructions concerning the trial procedure for the staff at the participating pharmacies and distributed trial patches to the participating pharmacies. A Ciba-Geigy employee was in contact with the participating pharmacies at least once a week. Selected pharmacists at each participating pharmacy were responsible for recruiting and dispensing the patches to trial members.
Treatment
Twenty-four-hour nicotine patches (Nicotinell) were provided for a 12-week period equivalent to three treatment periods. Customers who smoked 20 cigarettes or more per day were randomized to use one 21-mg/day patch per day during the first 4 weeks equivalent to one treatment period (active patches release 21 mg of nicotine in 24 hours), 14-mg/day patches (14 mg of nicotine/24 hours) during the second 4-week treatment period, and 7-mg/day patches (7 mg of nicotine/24 hours) during the final 4 weeks. Smokers of fewer than 20 cigarettes per day used 14-mg/day patches during the first two treatment pe- , and 7-mg/day patches during the final treatment period. To ensure that the nicotine and placebo patches were identical in terms of color and odor, the placebo patches contained a pharmacologically negligible amount of nicotine. Randomization was selected within the two smoking levels. Instructions for proper use of patches were given orally and in writing at the pharmacies. Participants were asked to change the application site of the patch every day, and patches were handed out in 4-week packages equivalent to one treatment period in this study.
Three patch sizes constituted the dose treatment of Nicotinell patches available in public sale in Denmark at that time. The routine treatment procedure was recommended by the pharmaceutical firm and subsequently tested and used in the trial.
Data
Each customer completed a questionnaire at the pharmacy on the day of randomization. Subsequent questionnaires were mailed from the Department of Epidemiology and Social Medicine to the participants in weeks 3 and 7 of the 12-week treatment period and returned in closed envelopes to the pharmacies in weeks 4 and 8, when participants collected patches for the next treatment period. The questionnaires were immediately mailed to the Department of Epidemiology and Social Medicine. Telephone interviews were conducted by two trained interviewers in weeks 12 and 26 or whenever participants dropped out of the trial or reported any side effects.
Data on sociodemographic characteristics, number of previous quit attempts, smoking history, and nicotine dependency (estimated by Fagerstrom's Tolerance Questionnaire) (30) were collected at the time of randomization. Information was collected at each point of contact throughout the trial period on smoking status during the trial, smoking while using the patches, other kinds of intervention, side effects, and continuous and interrupted use of patches.
Records were kept when dropouts either were absent at the expected time of collecting patches at the pharmacies or reported discontinued use of patches in the questionnaire. It was documented when a participant dropped out because of relapse, discontinued use of the patches, or reported side effects or a lack of perceived effect of the treatment. At the time of the dropout, current smoking status was recorded, and nonsmokers were contacted in week 26 to collect information on smoking behavior.
Successful smoking cessation was defined in the protocol as 1) no reported smoking during a 4-week treatment period; or 2) one episode of slip, which was defined as less than 6 days of smoking within a 4-week period (31) . After each 4-week period of follow-up, the point prevalence of smoking was measured.
Relapse was defined as 7 consecutive days of smoking one or more cigarettes (31) . Compliance was used to indicate the extent to which the recommended treatment procedure was followed.
Analyses
The results were analyzed according to the "intention to treat" principle and by means of the x 2 test and the Mantel-Haenszel trend test (16) . Bivariate, survival, and logistic regression analyses were conducted in SPSS/PC + advanced statistics 4.0. The level of statistical significance was set at 0.05 and all confidence intervals as 95 percent. The blinding procedure was not broken until all main results were tabulated. Participants lost to follow-up (n = 19) were classified as smokers.
RESULTS
The main results of the study are presented in table 2. In the nicotine patch group, more smokers stopped smoking than in the placebo group; however, the difference was statistically significant only among participants who started on 21-mg/day patches and only after 8 weeks of follow-up. In combined analyses, the point prevalence of nonsmokers decreased from 50 percent after 4 weeks to 17 percent after 26 weeks in the nicotine group; the corresponding values in the placebo group were 44 percent and 11 percent, respectively.
When similar analyses were made using total abstinence to classify nonsmokers, the prevalence of nonsmokers in the combined group decreased for the nicotine treated from 22 percent after 4 weeks to 8 percent after 26 weeks, compared with 17 percent and 5 percent in the placebo group. The relative smoking cessation prevalence proportions were 1.27 (95 percent confidence interval 0.89-1.81) after 4 weeks and 1.83 (0.92-3.65) after 26 weeks.
In table 3 can be seen a statistically significant and moderately better treatment effect among participants treated with 14-mg/day nicotine patches who had 11 or more previous quit attempts. No effect of nicotine treatment can also be seen in relation to duration of previous smoking, daily cigarette consumption, and a high nicotine dependency score ("FTQ score") regardless of starting dose. Furthermore, no differences in smoking cessation rates among men and women according to starting dose and treatment were found. In a combined analysis of the treatment groups, a mod- erately better treatment effect among women was observed, albeit not statistically significant.
As shown in table 4, poor compliance in both groups (less than half used the patches as scheduled in the protocol) was mainly due to the fact that relapsed smokers stopped using the patches. Noncompliance among the remaining nonsmoking trial members was much smaller throughout the treatment period, 11.4 and 12.0 percent in the nicotine and placebo groups, respectively. Compliance results according to initial treatment dose do not differ from the combined result in table 4.
During each 4-week treatment period, skin reactions and minor central nervous system reactions (sleep disturbance, headache, dizziness) were more frequent in the nicotine group (table 5) . Skin reactions increased with time, but none of the side effects were serious or led to hospitalization. Side effects were, however, one of the main reasons reported for dropping out in the nicotine group (apart from no perceived effect of treatment and relapse); this was not seen in the placebo group (table 6).
DISCUSSION
Most smoking cessation trials using transdermal patches have been implemented in clinical and general practice settings among volunteers recruited through local advertisements; most of these trials have shown better effects from nicotine than placebo patches (18, (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) . In general, the difference in abstinence rates between the nicotine and the placebo-treated groups at the end of the treatment period is more pronounced in clinical trials than in general practice trials due to a stronger placebo effect in trials carried out in general practice (18, 28, (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) . The previously published results indicate that nicotine patches are effective in smoking cessation in clinical settings. These studies do not provide information on the effectiveness of patches when used in public health. One survey with a 6-month follow-up period and self-reported data conducted among a large "real-world" population of elderly, low-income transdermal nicotine users who filled prescriptions through the Pennsylvania Pharmaceutical Assistance Plan tried to describe the pattern of use and outcome of transdermal nicotine therapy in relation to other types of intervention. The results indicated that a comprehensive support system and proper patient instruction in patch use were needed to obtain a higher rate of quitters in the population (42) .
The present study was designed to evaluate the efficacy of nicotine patches in an over-the-counter environment without additional support. For that reason, no biomarkers or diaries were used to estimate • p < 0.05.
t PPR, prevalence proportion ratio; Cl, confidence interval; FTQ, Fagerstrfm's Tolerance Questionnaire score. • p < 0.05.
t Reactions are categorized as follows: skin-Itching, erythema, skin eruption, allergic reaction; gastrointestinal-nausea, vomiting, diarrhea, constipation, flatulence, abdominal pain, dry mouth, abnormalities of salivation and taste; central nervous system-sleep disturbance, headache, dizziness; cardiac-palpitation, chest pain.
X Number of trial members at the beginning of the period. § PPR, prevalence proportion ratio; Cl, confidence Interval.
smoking status, and no psychological or behavioral support was added to the pharmacologic treatment. Our results concerning smoking cessation among smokers treated with nicotine patches were similar to those in previous papers (18, 28, (32) (33) (34) (35) (38) (39) (40) (41) , but the placebo effect in the present study was stronger than in most other studies (28, 32, 37) , especially for those who smoked fewer than 20 cigarettes per day at inclusion. Smokers participating in our study were probably highly motivated since trial members were potential customers who had decided to invest in an expensive treatment (in Denmark, a 1-month supply of Nicotinell patches costs $120), which perhaps could explain the high placebo effect. In contrast to other trials in this field, there were no advertisements for potential trial candidates, and the fact that the patches were provided free of charge was not announced in advance to avoid less motivated customers in the trial.
The lack of effect, especially in the group that started on the low-dose treatment, might be due to insufficient nicotine supply to meet their nicotine need. The distribution of the Fagerstrom's Tolerance Questionnaire score (30) showed substantial overlap between those who started on the 21-and the 14-mg/ day doses. Of those who started on the 14-mg/day dose, 40 percent had a Fagerstrom's Tolerance Questionnaire score (30) of more than 6 (figure 1), perhaps due to an unintended underreporting of smoking at the beginning of the trial or to a recently reduced daily cigarette consumption. Nicotine dependency estimated by the Fagerstrom Tolerance Questionnaire may perhaps be a better way of allocating smokers to the proper treatment level than asking for the daily number of cigarettes at the time of trial inclusion.
An effect of the nicotine patch was observed among participants treated with 21-mg/day nicotine patches who had a Fagerstrom's Tolerance Questionnaire score between 7 and 11 points, whereas no effect of the nicotine patches was observed among participants treated with 14 mg/day and a similar Fagerstrom's Tolerance Questionnaire score. The randomization apparently produced two comparable groups, and only 19 randomized customers were lost to follow-up.
Logistic regression controlling for gender, age, Fagerstrom's Tolerance Questionnaire score, pharmacy effect, age when started smoking, starting dose, school and vocational education was done but did not change the point estimate toward a significant result inasmuch as the analysis showed an odds ratio of 1.32 (95 percent confidence interval 0.82-1.64).
All attempts were made to blind the treatment during the trial and in the analyses. However, of the placebo-treated participants, more than expected according to the null hypothesis guessed the type of treatment at the end of the treatment period (table 7) . The effect of such a blinding failure would probably be a reduction of the placebo effect.
The low compliance in our study was expected since no one encouraged the relapsed smokers to continue use of the patches. On the contrary, they were warned against getting too much nicotine, and they had to promise at entry not to use additional nicotine products while using the patches.
Our data on smoking are probably reliable since smoking status was recorded in self-administered questionnaires, by telephone interviews conducted by "neutral" interviewers, and without any social pressure to provide specific answers. Furthermore, the use of biomarkers would not eliminate the impact of nondifferential misclassification since these methods have a rather low sensitivity (43, 44) . Furthermore, smoking is socially more acceptable in Denmark than in most other countries, and different studies of smoking behavior among Danes have shown reliable self-reported smoking data (45) (46) (47) .
This trial suggests that transdermal nicotine treatment in an over-the-counter situation should probably be allocated according to a nicotine dependency score. The trial also indicates that the success rate of overthe-counter use of patches was better than expected, especially among the placebo-treated; however, the difference in outcome between the two treatment groups was smaller than in most other trials with nicotine patches. Transdermal nicotine treatment appears to be relatively safe when used in a population without any contraindication, and the current study *p= 0.001; df = 2.
t Self-reported guessing of which treatment study participants received according to actual treatment.
indicates that it is possible to administer this treatment in a pharmacy setting.
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